The purpose of this study was to determine levels of food security among American Indians (AI) living in the Midwest and possible correlations between food security levels and various health outcomes, diet, and demographic variables. This study used a cross-sectional design to determine health behaviors among AI. Participants (n = 362) were recruited by AI staff through various cultural community events in the Midwest, such as powwows and health fairs. Inclusion criteria included the following: age 18 years or older, self-identify as an AI, and willing to participate in the survey. Of all participants, 210 (58%) had either low or very low food security, with 96 in the very low category (26.5%). Participants with very low food security tended to have significantly more chronic conditions. Additional significant differences for very low food security existed by demographic variables, including having no insurance (p < 0.0001) or having a regular primary care provider (p = 0.0354). There was also a significant difference between food security levels and the consumption of fast food within the past week (p value = 0.0420), though no differences were found in fruit and vegetable consumption. AI in our sample had higher levels of food insecurity than those reported in the literature for other racial/ethnic groups. AI and non-Native health professionals should be aware of the gravity of food insecurity and the impact it has on overall health. Additional research is needed to determine specific aspects of food insecurity affecting different Native communities to develop appropriate interventions.
Introduction
The Food and Agriculture Organization (FAO) defines food security as existing, "when all people, at all times, have physical, social and economic access to sufficient, safe and nutritious food which meets their dietary needs and food preferences for an active and healthy life" [1] . This definition highlights food safety and the nutritional value of the food, while "food preferences" refers to socially and culturally acceptable foods. Food insecurity is associated with an increased risk for obesity, type II diabetes, cardiovascular risk factors [2] and some cancers; many of which are highly prevalent in AI communities [3] . There is also some evidence that suggests that children are more likely to suffer from chronic illnesses, acute illnesses, psychosocial problems, and psychiatric distress when they come from a food insecure home (limited access to nutritionally adequate, culturally acceptable, and safe foods) [4, 5] .
In 2009, 21.3% of United States households with children experienced food insecurity [4] . According to data from 2001 to 2004, when comparing American Indian (AI) households with children to non-AI households with children 28% and 16% experienced food insecurity respectively [6] . When we examine regional differences, we see an even clearer picture of food insecurity among AI. For example, on the Pine Ridge Reservation in South Dakota nearly 40% of parents reported experiencing food insecurity within their household in the past 12 months [4] , with about 10.5% of all families experiencing very low food security. Alongside AI rates for food insecurity, 21.5% of non-Hispanic Blacks and 19.1% of Hispanic households without children were considered food insecure [7] .
Food insecurity is experienced when there is uncertainty about food availability and access, insufficient amount and varieties of foods that are required for a healthy lifestyle, and the need to use socially unacceptable ways of acquiring food [8] . Access to food is one of the largest contributors to food security [9] . On most AI reservations, gas stations and convenience stores are more commonly found than large grocery stores [4, 10] , making food less accessible and often more costly. Poverty is another large contributor to food security [11] . The prevalence of very low food security occurs in households with incomes below 185% of the poverty line (13.6%) [7] . AIs experience some of the highest rates of poverty; with 25% of AI living below the poverty line compared to 13% of the total population [12] .
Little is known about food security among AI communities in the Midwest. The purpose of this study was to determine levels of food security among AI living in the Midwest and possible correlations between food security levels and various health outcomes, diet, and demographic variables. Results from this study will be used to develop appropriate interventions to address food security issues in these communities.
Methods

Study Design and Population
Data were from a one-time cross-sectional survey designed to determine health behaviors in AI populations. The focus of this study was to recruit AI individuals 18 years and older to examine food security differences between genders from the sample. The digital survey included questions on participant demographics, individual health characteristics, dietary information, and food security. Here, we report results of food security and diet questions.
Recruitment occurred by word-of-mouth at Native-specific events such as powwows and health fairs. Eligibility criteria included: individuals who self-identified as AI, were at least 18 years of age at the time of the survey, and were able to provide consent. Eligible participants provided informed consent and completed a 20-min self-administered digital survey related to their health behaviors and knowledge. Participants were provided with a $10 gift card for their time and participation in the study. A total of 362 AI participated from May 2010 to January 2011. All study procedures were approved by the University of Kansas Medical Center Institutional Review Board, as well as the appropriate tribal communities.
Measures
Demographics
Demographic questions were used to collect data regarding participant characteristics. Participants were asked to respond to a series of questions to ascertain information regarding marital status, education level, health insurance status, primary care provider and number of times primary provider was seen. Demographic questions also asked about any children (ages 18 and younger) living in the home. Health characteristic questions asked included health conditions diagnosed by a health professional and perceptions of individual health status.
Food Security
The six-item short form of food security questions from the U.S. Department of Agriculture U.S. Household Food Security Survey was used to assess food security [13] . Participants were asked to respond to statements assessing food security overall ("The food that I bought just didn't last, and I didn't have money to get more"), ("I couldn't afford to eat balanced meals."). Response options included: "often true", "sometimes true", and "never true". The remaining questions asked about food security within the last 12 months, ("In the last 12 months, did you or any other adults in your household ever cut the size of your meals or skip meals because there wasn't enough money for food?", followed by a question asking about the frequency), ("In the last 12 months, did you ever eat less than you felt you should because there wasn't enough money to buy food?"), ("In the last 12 months, were you ever hungry but didn't eat because you couldn't afford enough food?"). Response options included: "yes", or "no".
Diet
Questions regarding dietary consumption asked participants about daily fruit and vegetable servings along with frequency of fast food in a period of 1 week ("How many servings of vegetables do you usually eat per day?"), ("How many servings of vegetables do you usually eat per day?"), ("In the past week, how many times did you eat fast food?"). Response options for all dietary questions included: "none", "1-2", "2-3", "3-4", and "5 or more". Dietary survey questions were modified from Indian Health Services diabetes prevention program [14] .
Data Analysis
Scoring of the food security questionnaire was done using the published scoring system from the US Department of Agriculture [13] . Participants received 1 point for each "yes" answer, 1 point for each "often or sometimes answer", and 1 point for each "almost every month or some months" answer. Scores were summed to give a total food security score for each participant. Food security status was assigned as follows: 0-1 as high or marginal food security, 2-4 as low food security, and 5-6 as very low food security. Frequency counts and population percentages by gender were reported for all six questions of the scale. Counts and percentages of participant health and demographic characteristics were reported by food security category. Pearson's Chi squared test was used to examine the association of each demographic variable and food security status. If over 20% expected cell counts are less than five, the Fisher's exact p value was used. Finally, using stepwise logistic regression, the demographic variables were used to build a model to predict a participant's level of food security. All analysis on this data was done in SAS version 9.4.
Results
The median age for male participants was 39 years (range 18-86) and for female participants was 41 years (range 18-76). For male participants the median weight was 214.5 pounds (range 105-372); for female participants, 190 pounds (range 100-405). The majority of participants were AI alone (78.7%) rather than in combination with another race. Participants grew up in primarily urban or suburban areas (48.1%), followed by reservation or tribal trust areas (28.2%), and rural non-reservation areas (18.8%). Most participants were married or living with a partner (51.1%) and had no children (71.5%). Detailed demographic information by food security status is provided in Table 1 below.
Overall, 42.0% of participants had high food security, 31.5% had low food security, and 26.5% had very low food security. Significant differences in food security level were found based on an individual's health insurance status, whether or not an individual had a primary care provider, and the type of primary care provider the individual regularly saw (i.e. physician, nurse practitioner, etc.). Respondents with low or very low food security were more likely to either have no insurance or use the Indian Health Service for their health care (p < 0.0001). Respondents with very low food security were more likely to have a regular primary care provider (p = 0.0354), but that provider was less likely to be a physician and more likely to be either a physician's assistant or nurse practitioner (p = 0.0274). Educational attainment and marital status trended towards significance (p = 0.0527 and p = 0.0556 respectively). Higher educational attainment and being married were associated with higher food security. All of these demographic variables were included in our binary logistic regression model; higher educational attainment became significant in our model (p =
Participants with very low food security indicated their general health to be fair or poor (37.5%) compared to participants who had higher food security (23.68%, p = 0.0524). Participants with very low food security also tended to have more chronic conditions diagnosed by their health care providers. These chronic conditions included significant differences in diagnoses of arthritis (p = 0.0282), cancer (p = 0.0285), depression (p = 0.002), emphysema (p = 0.0231), high blood pressure (p = 0.0512), and high cholesterol (p = 0.0466). See Table 2 .
There was also a significant difference among participants with differing food security levels and their reported consumption of fast food within the past week, with participants with lower food security more likely to consume more fast food (p value = 0.0420). Of participants who ate fast food three times or more within the past week (N = 56), 32.1% had very low food security, 37.5% had low food security and 30.4% had high food security. Among participants who had not eaten fast food in the last week (N = 62), 21.0% had very low food security, 29.0% had low food security, and 50% had high food security.
Results of individual food security questions are provided in Table 3 overall and by gender; significant differences were not found by gender on any aspects of food security. Among all participants, the median food security score was 2.0 with a range in score of 0-6. Over the past year, approximately two-thirds of participants (67.7%) ate less than they should have because they didn't have the money to buy more food; even more (72.1%) didn't eat when they were hungry due to lack of money for food. Approximately two-thirds of participants (66.3%) said that they food they bought sometimes or often didn't last and they didn't have money to buy more; 59% couldn't always afford balanced meals.
Discussion
Overall, 58.0% of our sample had low or very low food security, with 26.5% in the very low category. This is an alarming figure compared to other data available in the literature, showing 28% of AI households with children with food insecurity [6] or even compared to the highest regional data for AI available at 40% on the Pine Ridge Reservation, with 10.5% with very low food security [4] . No significant differences were found in our sample between households with and without children. Though our low sample size (N = 362), convenience sample, and self-report data may have led to a biased sample, these numbers are nevertheless concerning and highlight the need for further investigation of this topic area in our region and among AI nationally and the need for implementation of programs to assist with food security. We found no significant differences in the prevalence of food insecurity between AI men and women in the Midwest. However, there were significant differences among food security levels based on other demographic variables, including health insurance status, regular primary care provider, and type of primary care provider and participant health characteristics, including overall self-reported health status and particular diagnoses (arthritis, cancer, depression, emphysema, high blood pressure, and high cholesterol). Of the diagnosed health conditions that were significant, high blood pressure (p = 0.0512) was consistent with another study that examined food insecurity and cardiovascular disease related health outcomes in AI in rural Oklahoma [3] . It is unknown whether food security has a causative relationship with these diagnoses; further inquiry is warranted.
It is possible, and probably likely, that there is an independent, but linked, factor that influences both food security and health. One potential factor that may account for all of these issues is poverty, which we know is higher among AI than others. The most predictive factor we found for food insecurity was type of insurance or, more accurately, lack of insurance or sole use of the Indian Health Service. This is also tied to poverty. We did not collect income data at the request of community members who felt it was invasive. However, educational attainment can be used as a proxy for income and lower education was also associated with low food security. These data provide possible predictors for low and very low food security among AI living in the Midwest, all of which can be tied to poverty. Because addressing poverty as a whole is a nearly insurmountable task, addressing food security as an associated factor with many chronic health conditions may be a way to impact the health of our regional AI communities in a positive way. Our team plans several follow-up studies to understand this issue further and to identify specific ways to intervene to improve food security and, thus, health. It is likely that food insecurity is also an issue among other AI communities given the high levels of poverty on many reservations. Programs dedicated to improving food security could help any community living in poverty, including AI and non-Natives. 
